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Abstract

In order to study the volatilization characteristics of biomass, a downward-flow tube reactor with a
temperature control and measurement system was designed and fabricated. Corn stalk powder pyrolysis
experiments were conducted and the experimental results showed that the reaction temperature could be
controlled and measured precisely; the volatilized fraction of corn stalk powder increased nonlinearly with

increased reaction temperature and residence time.
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JFama TR BERAEE Tt i =
W& BE/C BB/ mm I [6] / ms /C st
150 192.3 6.6 x10 73
550 705. 1 6.6 x10°

450
850 1089.7 6.6 x10 73
1150 1474.4 6.6 x10 73
150 192.3 7.4 %1073
550 705. 1 7.4 %1073

500
850 1089.7 7.4 x10 73
1150 1474. 4 7.4 %1073
150 192.3 8.2x107?
550 705. 1 8.2x1073

550
850 1089.7 8.2x107?
1150 1474. 4 8.2x107?

FH il FE LA 500°C (100 mm Sy i« ¥ ¥ BE K, T
AP T BR AT B A UM, 23 B AR E 7 500°C i



136 P A1 R A S 4 20104

o 2 BR U B FF O M A D 8 BR 3 2 B R B R 0
S5 R TR 24 IR U 9 SO R U il 2 £ %

S B 2 R AR D RO A 9 R A %40

B Vi s BR A R 5 O 88 1A 2 2 e A B, O 30

A AL, A AR B e T8 5% R AE E Al 2 T e B0 To50 130
TR FEL IR B 10 53 8 A PR A8 19 2 0 R 5 e P

G AE S SRS I, FT B A 08 T 0, FEAEAT T — A 0

{ir B RO RE , TR O B 28 3 0 B TR A £ /
BRRIE . VRV E P T S 0 5 o 8 1 £ ol

3o P R ok R 7 1 2 e O 43 A w0y

S 66, 1 90300 VG 5230 A B B O B 5 0200 400 600 s00 1000 1200
T WA B S SR T "

Hy T 52 B A AR P AR R A BE 52 A BORE , T L e I

D
(=}
T

ST AR RCEAN R A T ZE T LR ) AR 4R R i I
FARER KA Rk AR E], S0 0 !
KFSFEBORR 4 By 17.9% | ERBEFFAE AR T )
O N LR AR G R E 5 R o 00200 400 600 800 1000 1200
¥ 4 725 /mm
3 4t ©
K5 YRR RES TR R ML
(1) TR Y T 3 P Ad 45 v S B %%, BE% Fig.5 Volatilized fractions of biomass vs different
ST A AR W o bR A AR B g AT IR 3 1Y reaction distances
Y’Eﬁ%%ﬂﬂ%{muio (a) 450°C  (b) 500C (c) 550C

(2) TORFEATAL IR 45 R R BE R IR ) Thi T RREE & po B i 2 AR Ze v s k.
2 £ x W

5 E XU T, w0 &, 4. 3 H T BEE BB e il 58 6 Bt S 1], Rk HLA 41 ,2009,40 (1) 100 ~
104.
Li Zhihe, Liu Huanwei, Gao Qiaochun, et al. Design and downward vertical tube for heat transfer of particles [ J].
Transaction of the Chinese Society for Agricultural Machinery, 2009, 40 (1) : 100 ~104. (in Chinese)

2 gedth BRib RIS E. FORFEFTUREIAAE (1] L TR 4, 2000, 21 (4) : 434 ~437.
Yao Jianzhong, Chen Hongzhang, Zhang Junrong, et al. Fast pyrolisis of corn straw[ J]. Engineering Chemical & Metallurfy,
2000, 21 (4): 434 ~437. (in Chinese)

3 XiuSN, Yi WM, Li BM. Flash pyrolysis of agricultural residues using a plasma heated laminar entrained flow reactor[ J].
Biomass and Bioenergy, 2005,29(2) : 135 ~ 141.

4  Putun A E, Apaydm E, Putun E. Rice-straw as a bio-oil source via pyrolysis and steam pyropysis[ J]. Energy, 2004,29(12 ~
15): 2171 ~2180.

5 Yagi S, Kunii D. Studies on effective thermal conductivities in packed beds[ J]. AIChE Journal, 1957,3 (3) . 373 ~381.

6 GuoJ, Lua A C. Kinetics study on pyrolytic of oil-palm solid waste using two-step consecutive reaction mode[ J]. Biomass
and Bioenergy, 2001,20(3) . 223 ~233.

7R P, PR, EEE. MR IAR L ER BT SE [ T]. B AL AR A= 4 ,2009,37 (1) 120 ~25.
Liu Tiefeng, Fang Yitian, Wang Yang, et al. Rapid pyrolisis of coal at high temperature[ J]. Journal of Fuel Chemistry and
Technology, 2009, 37 (1): 20 ~25. (in Chinese)

8 AT BRI, 22, 55 IR BE X A ) o [ 5 IR i s i s W58 (] R BH AB 244k ,2007,28(10) : 1 152 ~ 1 157.
Yang Haiping, Chen Hanping, An Rong, et al. The influence of temperature on biomass pyrolysis in fixed bed[ J]. Acta
Energiae Solaris Sinica, 2007, 28 (10): 1152 ~1 157. (in Chinese)

O B E PR IR SRR AR ) B A BRI S R RS D ] I L AR B TR 2, 2009.
Yin Zhe. The study on flowing properties of spherical particles and biomass chars in a tube[ D]. Zibo: Shandong University of

Technology, 2009. (in Chinese) (T#HE 132 1)



132 o Bl B ¥ iR

2010 4

Nu, Fl Re, UEAA W HLERER
4 ZERiIFE

TE T WA B BORL e PRS2 30 5 b, DLW 8 Bk 5
EAEN O 1.0.1.2 1. 4 kg/min #E4T T RS
23 OO A 0 0] I 8 A SIE B8 o 7 T 3 g R
BRUEL T, DAPG B BR 55 AR ) om0 i O 1501
20:1.25:1 3 B T OLHEAT 1 W R BRAR AR AR W by

HE SIS o R AT 2 A0 G X o
BT B BAL B R BRABURL 5 23 A0 X I 4 B R B 43 S
J7291.3 W/(m’-°C) F1200.3 W/(m’-C), FH
FROT A5 T 30 0 T A5 1 T B s TR R R R R A R A
JET AR B Y TG 8 49 4 A oE ) O R 4 B R Nu, =
176 +0. 079Re, Fl Nu, =22.97 +0.225 1Re,, AW
JoT A LA B W T BRI T AR AR BE A

& % x Wt

L AR KM Ph 25 A Wy T DR R AL BOR B BT TS JE [ ] VLV 4L 12,2007 (2) 245 ~49.

Fu Lihua, Zheng Dianmo, Sun Yun. Research progress in biomass flash pyrolysis technology for liquids production[]J].

Jiangxi Chemical Industry, 2007(2) : 45 ~49. (in Chinese)

2 Bridgwater A V. Principles and practice of biomass fast pyrolysis processes for liquids[ J]. Journal of Analytical and Applied

Pyrolysis, 1999, 51(1) . 3 ~22.

3 BRRAL BT E AR A8 B AL R 00 1% AL —— OB R TR [T ] R A2 SR, 1997,3(3) 1270 ~279.
Dai Tianhong ,Qian Renzhang, Li Hongshun. Heat transfer mechanism in circulating fluidized beds—-cluster renewal model
[J]. Journal of Combustion Science and Technology, 1997,3(3): 270 ~279. (in Chinese)

4 NP XA AR PN ORERIE 3 AL P BRIS AT ST LT ] AP B L AR 4 41 ,2003,23(3) < 161 ~ 165.

Liu Anyuan, Liu Shi. Theoretical study on impact heat transfer between particles in fluidized bed[ J]. Proceedings of the

CSEE, 2003, 23(3): 161 ~165. (in Chinese)

5 fLATHE, PNE R, £ BN K2 5 MURL AR U AL R AL PR SE IR WS [T ] Bl BoR 5 L FR,2008,38(3) 118 ~23.
Kong Xingjian, Sun Guogang, Wang Maohui. Experimental investigation on heat transfer behavior of greatly different particles
in gas solid fluidization bed[ J]. Petroleum Refinery Engineering, 2008, 38(3): 18 ~23. (in Chinese)

6 FhEA, MW, KT, N R R R R S 5 e (1] Al TR ,2009,25(2) 172 ~ 76.
Li Zhihe,Yi Weiming, Liu Huanwei, et al. Experimental study on the flow behavior and heat transfer of ceramic balls in a

vertical descendant tube[ J]. Transactions of the CSAE, 2009, 25(2): 72 ~76. (in Chinese)

7 Mansoori Z, Saffar-Avval M, Basirat Tabrizi H, et al. Inter-particle heat transfer in a riser of gas-solid turbulent flows[ J].

Powder Technology, 2005, 159(1) . 35 ~45.

8 Papadikis K, Gerhauser H, Bridgwater A V, et al. CFD modeling of the fast pyrolysis of an in-flight cellulosic particle

subjected to convective heat transfer[ J]. Biomass and Bioenergy, 2009, 33(1). 97 ~107.
9 Fdf. TREE AN NLEE N AE Y BUAR LR BT D], LB SR POk R A%, 2010.
Li Zhihe. Principles of biomass pyrolysis in down flow tube reactor[ D ]. Shenyang: Shenyang Agricultural University, 2010.

(in Chinese)

(E#% 136 T7)

10 BREE, P2, Tk INAT . 2 U BUHF I 52 NE A48 A U 30 R IR AR R A B R [0 ] A b BE TR 24 2 4, 1994,22(3)

30 ~35.

Chen Caixia, Sun Xuexin,Zhang Xiaoke. Numerical modeling of fow and particle heating in a reactor with laminar entrained
flow[ J]. J. Huazhong Univ. of Sci. & Tech., 1994, 22 (3) . 30 ~35. (in Chinese)

1L BN S, 2GR, 5. FORTEAT R AR N B A R R BT[] Rk TR 244 ,2004,20(6) :246 ~250.
Yi Weiming, Bai Xueyuan, Li Zhihe, et al. Investigation of de-volatilization characteristics of pulverized corn stalk at flash
heating rate[ J]. Transactions of the CSAE, 2004, 20 (6) : 246 ~250. (in Chinese)

12 G4EW], EORsl, M5, 5. RO AT SRR (], AT A REIR,2004(115) (15 ~17.

Yi Weiming, Wang Lihong, Bai Xueyuan, et al. Temperature measurement and control in a laminar furnace[ J]. Renewable

Energy, 2004 (115): 15 ~17. (in Chinese)



